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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
IN RE APPLICATION OF: 
T. IMAI et al 

SERIAL NO. 09/303,405 GROUP ART UNIT: 1723 

FILED: • May 3, 1999 EXAMINER: K. RINEHART 

FOR: IRON COMPOUND CATALYST FOR 

INHIBITING GENERATION OF 
DIOXIN AND INCINERATION 
PROCESS OF MUNICIPAL SOLID WASTE 
USING THE SAME 

DECLARATION UNDER 37 C.F.R. 1.132 

HONORABLE COMMISSIONER OF PATENTS & TRADEMARKS 

WASHINGTON, D.C. 20231 

SIR: 

Now comes Toshiki MATSUI, a citizen of Japan, and a 
resident of 1-4-605, Miyake 2-chome, Saeki-ku Hiroshima- shi , 
Hiroshima-ken, Japan, who declares and says that: 

1. I graduated from the Department of Ferment Engineering, 
Faculty of Engineering, Hiroshima University in March 1985. 

2 . I am currently employed by TODA KOGYO CORPORATION since 
April, 1985 . 

3. I am familiar with the work related to U.S. Patent 
Application, Serial No. 09/303,405, and am a co-inventor of the 
U.S. Patent: No. 5,993,536. 

4. I have read the Office Action dated March 29, 2000, 
have understand the Examiner's rejection to the invention 
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claimed in the above application, have studied U.S. Patent No. 
5,744,690, and have ascertained the following. 

5. Under my control and supervision the following 
experiments were conducted: 

Experiment 1 (Example 1 of our invention) 
<Production of iron compound catalyst> 

126 liters of a 0 . 4N aqueous sodium hydroxide solution was 
charged into a reactor maintained under a non-oxidative 
atmosphere by passing a nitrogen gas therethrough. Next, 12 

liters of an aqueous ferrous nitrate solution containing Fe 2+ 
in an amount of 1.5 mol/liter (the amount of alkali was 1.4 

equivalents based on the ferrous iron (Fe 2+ ) ) was added to the 
reactor, and then heated to 47°C. After the contents of the 
reactor were mixed with each other at 47 °C for 120 minutes 
while stirring, air was passed therethrough at flow rate of 70 
liters/min for 6.0 hours, thereby producing goethite particles. 
Thereafter, the obtained goethite particles were successively 
subjected to filtration, washing with water, drying and 
pulverization, thereby obtaining aggregates composed of 
goethite particles. 

The thus obtained goethite particles had an average 
particle size of 0.24 \im, a phosphorus content of 0.002 % by 
weight, a sulfur content of 0.05 % by weight and a sodium 
content of 0.08 % by weight, and the conversion percentage of 
carbon monoxide into carbon dioxide at a temperature of 2 50°C 
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according to the above specified evaluation method 
was 2 0 %. 

Further, the obtained aggregates composed of the goethite 
particles had a specific surface area of 2.58 m 2 /cm 3 when 
measured under a feed pressure of 1 bar in a dry granulometer, 
and an average particle size (D50) of 50 % of a total volume 
thereof, of 3.19 urn. 

Experiment 2 (Example 6 of our invention) 
<Municipal solid waste incineration test> 

Dry municipal solid wastes were charged into a stoker-type 
mechanical batch incinerator (incineration capacity of 
municipal solid waste when operated for 8 hours a day: 6 tons 
per day) . Further, the goethite particles obtained in Example 
1 were spray-added into a combustion chamber 12 of the 
mechanical batch incinerator through the feed port 14 (in Fig. 
2) in an amount of 0.5 % by weight per hour based on the weight 
of the dry municipal solid wastes, by an air carrying method. 
The amount of air sprayed was 3 m 3 /min (6.7 % by volume based 
on the volume of the combustion air) . The spray- addition of 
the goethite particles was continued for 8 hours, namely, from . 
the start-up through the steady operation up to the shut-down 
of the mechanical batch incinerator. 

The measurement for each concentration of exhaust gases 
such as dioxin was conducted two times, i.e., upon the start-up 
and during the steady operation of the incinerator, at an 
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outlet of a dust collector (bag filter) . 

The amount of dioxin generated upon the start-up was 4.3 

ngTEQ/Nm 3 , the amount of hydrogen chloride generated thereupon 
was 24 ppm, and the amount of carbon monoxide generated 
thereupon was 53 ppm. 

Also, the amount of dioxin generated upon the steady 

operation was 4.1 ngTEQ/Nm 3 , the amount of hydrogen chloride 
generated thereupon was 17 ppm, and the amount of carbon 
monoxide generated thereupon was 21 ppm. 

As a blank test, the incinerator was similarly operated 
without addition of the combustion catalyst, etc., thereby 
measuring each concentration of the exhaust gases. 

In the blank test, the amount of dioxin generated upon the 

start-up was 35 ngTEQ/Nm 3 , the amount of hydrogen chloride 
generated thereupon was 2 40 ppm, and the amount of carbon 
monoxide generated thereupon was 282 ppm. 

Also, in the blank test, the amount of dioxin generated 

upon the steady operation was 19 ngTEQ/Nm 3 , the amount of 
hydrogen chloride generated thereupon was 2 09 ppm, and the 
amount of carbon monoxide generated thereupon was 121 ppm. 

Experiment 3 (Various properties of Goethite Particles used in 
Example 1 of U.S. Patent No. 5,744,690) 

Under the control and supervision of one of inventors: Mr. 
Satoru SAITO of U.S. Patent No. 5,744,690, spindle-shaped 
goethite particles having a BET specific surface area of 80 
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m 2 /g and an average major axial diameter of 0.3 0 um were 
obtained by the same process as Example 1 of Japanese Patent 
Application Laid-open (KOKAI) No. 1-115827. ^ 

Various properties of the obtained spindle-shaped goethite 
particles are shown in Table 1. 

Experiment 4 (Municipal solid waste incineration test using 
Goethite Particles used in Example 1 of U.S. Patent No. 
5, 744, 690) 

The same procedure for the municipal solid waste 
incineration test as defined in Experiment 2 was conducted 
except for using the spindle-shaped goethite particles of 
Experiment 3 . 

Results of the incineration test are shown in Table 2 . 

The properties in the examples were measured by the 
following methods. 

(1) The average particle size of iron compound particles 
was expressed by the value measured from an electron micrograph. 

(2) The specific surface area was expressed by the value 
measured by a BET method. 

(3) The contents of phosphorus and sodium contained in 
iron compound particles were expressed by the values measured 
by an inductively coupled plasma atomic emission spectrometer 
(SPS-4000 Model, manufactured by Seiko Denshi Kogyo Co., Ltd.). 

(4) The content of sulfur contained in iron compound 
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particles were expressed by the value measured by a Carbon- 
Sulfur Analyzer (EMIA-22 00 Model, manufactured by Horiba 
Seisakusho Co. , Ltd. ) . 

(5) As to catalyst property of the iron compound catalyst 
for inhibiting the generation of dioxin, the catalytic activity 
was expressed by a conversion percentage of carbon monoxide 
into carbon dioxide by measuring the concentration of carbon 
dioxide produced when 2.8 x 10~ 4 mol of iron oxide particles 
(a-Fe 2 0 3 ) obtained by heat-treating the iron compound catalyst 
in air at a temperature of 8 00°C for 15 minutes, were 
instantaneously contacted with 6.1 x 10" 7 mol of carbon 
monoxide at a temperature of 2 50°C at an SV of 42,4 00 h" 1 in an 
inert gas atmosphere using a pulse catalytic reactor. 

Here, the "SV" means a space velocity, and is expressed by 
the value obtained by dividing a flow rate of the reaction gas 
by a volume of the catalyst. The SV is represented, by an 
inverse number of time (hr 1 ) . 

The pulse catalytic reactor used comprises a reactor 
portion and a gas chromatography portion which is constituted 
by Gas Chromatography GC-16A (manufactured by Shimazu 
Seisakusho Co. , Ltd. ) . 

The evaluation method used herein was conducted by 
referring to methods described in the literatures (e.gl , R. J. 
Kobes, et al, "J. Am. Chem. Soc . " , 77, 5860(1955) or 
"Experimental Chemistry II-Reaction and Velocity" edited by 
Japan Chemistry Institute and published by Maruzen, Tokyo 
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(1993) ) . 

(6) The concentration of dioxin in the combustion exhaust 
gas was expressed by the value measured by the method approved 
by Waste Matter Research Foundation (Tokyo Japan) . 

( 7 ) The concentration of hydrogen chloride in the 
combustion exhaust gas was expressed by the value measured by 
absorbing the combustion exhaust gas passed through a gas 
flowmeter, into a cleaning bottle filled with water, and then 
analyzing the obtained aqueous hydrochloric acid solution in 
the cleaning bottle by a chromatography. 

(8) The carbon monoxide concentration in the combustion 
exhaust gas was expressed by the value measured by passing a 
combustion exhaust gas through nondispersive infrared 
spectrophotometer APMA-3500 Model (manufactured by Horiba 
Seisakusho Co., Ltd.) . 

(9) The specific surface area of aggregates and the 
average particle size (D50) of 50 % of a total volume thereof 
were measured by a laser diffraction-type granulometer : HELOS & 
RODOS (tradename, manufactured by Nippon Denshi Co., Ltd.) . 

The 'results are shown in the Table below. 
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Remarks 

As seen from the above, the content of sulfur is 0.15 % by 
weight and the content of sodium is 0.28 % by weight, which 
fall outside of the range of our invention, respectively. As a 
result, the conversion of carbon monoxide into carbon dioxide 
in case of using the goethite aggregates used in Example 1 of 
U.S. Patent No. 5,744,690, is 1.5 %, which is more inferior to 
that of our invention. 

Therefore, the goethite particles used in Example 1 of U.S. 
Patent No. 5,744,69 0 are different from those of our invention. 

Further, as seen from the above, the concentration of 
dioxin, hydrogen chloride and carbon monoxide in the combustion 
exhaust gas at star ting-up in Experiment 4, are 20 ngTEQ/Nm 3 , 
63 ppm and 150 ppm, respectively; and the concentration of 
dioxin, hydrogen chloride and carbon monoxide in the combustion 
exhaust gas at steady operation in Experiment 4, are 10 
ngTEQ/Nm 3 , 50 ppm and 53 ppm, respectively, which are more 
inferior to that of our invention. 

As a result, it is not possible to inhibit the generation 
of dioxin due to a memory effect upon low- temperature 
combustion of the incinerators by using the goethite particles 
used in Example 1 of U.S. Patent No. 5,744,69 0. 
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6. I declare further that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent 
issuing thereon. 

7. Further, deponent saith not. 

Date: September 21 , 2000 




Toshiki MATSUI 
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SUMMARIZED ENGLISH TRANSLATION 

Japanese Patent Application Laid-open (KOKAI) No. 1-115827 

Laid-open May 9, 1989 
Japanese Patent Application No. 62-272522 

Filed October 27, 1987 
Inventors: Mamoru TANIHARA, Hiroshi KAWASAKI, Yoshiro OKUDA 
Applicant: TODA KOGYO CORPORATION 

Example 1 : 

A reactor which was maintained under a non- oxidative 
atmosphere by passing an N 2 gas therethrough at a flow rate 
of 3.4 cm/second, was charged with 704 liters of a 
1 . 16mol/l-Na 2 C0 3 aqueous solution and then with 296 liters 

of an aqueous ferrous sulfate solution containing Fe 2+ in an 
amount of 1.35 mol/liter (the amount of Na 2 C0 3 corresponds 

to 2.0 equivalents based on Fe) . The resultant mixture was 
mixed together in the reactor at 47 °C, thereby producing 
FeC0 3 . 

The thus obtained FeC0 3 -containing aqueous solution was 
allowed to stand at 47 °C for 70 minutes while continuously 
passing the N 2 gas therethrough at a flow rate of 3.4 

cm/ second, and then air was passed through the FeC0 3 - 
containing aqueous solution at 47 °C and a flow rate of 2.8 
cm/second for 5.0 hours, thereby precipitating yellowish 



brown particles. Meanwhile, the pH value of the aqueous 
solution during the air passage was 8.5 to 9.5. 

The precipitated yellowish brown particles were 
filtered out, washed with water, dried and then pulverized 
by ordinary methods . 

As a result of X-ray diffraction analysis, it was 
confirmed that the thus obtained yellowish brown particles 
were goethite. Further, as is apparent from the electron 
micrograph (x3 0,000) shown in Fig. 1, the obtained particles 
were spindle-shaped particles having an average major axial 
diameter of 0.30 um and an aspect ratio (major axial 
diameter /minor axial diameter) of 12.6:1, and exhibited a 
uniform particle size distribution and contained no 
dendritic particles. 
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Table 1 



Examples 


Production of spindle-shaped goethite particles 


Production of FeC0 3 


Flow rate 
of N 2 gas 
(cm/ sec . ) 


Alkali carbonate 


Kind 


Concentra- 
tion 
(mol/liter ) 


Amount 

used 
(liter) 


Mixing ratio 
(equivalent 
based on Fe) 


Example 1 


3.4 


Na 2 C0 3 


1.16 


704 


2.0 


Example 2 


2.3 


K 2 C0 3 


0.67 


852 


2.8 


Example 3 


3.4 


Na 2 C0 3 


1.31 


700 


2.0 


Example 4 


1.7 


Na 2 C0 3 


0.65 


800 


1.7 


Example 5 


3.4 


Na 2 C0 3 


1.33 


704 


2.3 


Example 6 


3.4 


Na 2 C0 3 


1.16 


704 


2 .0 
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Table 1 (continued) 



Examples 


Production of spindle-shaped goethite particles 


Production of FeC0 3 


Fe 2+ aqueous solution 


Temperature 
(°C) 


Kind 


Concentration 
(mol/liter ) 


Amount used 
(liter) 


Example 1 


FeS0 4 


1.35 


296 


47 


Example 2 


FeS0 4 


1.35 


148 


42 


Example 3 


FeS0 4 


1.50 


300 


55 


Example 4 


FeS0 4 


1.50 


200 


47 


Example 5 


FeS0 4 


1.35 


296 


50 


Example 6 


FeS0 4 


1.35 


296 


45 
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Table 1 (continued) 



Examples 


Production of spindle-shaped goethite particles 


Aging step 


Flow rate of N 2 
gas (cm/ sec . ) 


Temperature 
(°C) 


Time (minute) 


Example 1 


3.4 


47 


70 


Example 2 


2.3 


43 


55 


Example 3 


3.4 


55 


90 


Example 4 


1.7 


47 


100 


Example 5 


3.4 


51 


80 


Example 6 


3.4 


45 


80 
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Table 1 (continued) 



Examples 


Production of spindle-shaped goethite particles 


Oxidation step 


pH value 


Temperature 
(°G) 


Air flow rate 
(cm/ sec . ) 


Reaction time 
(hour) 


Example 1 


8 . 5-9 . 5 


47 


2.8 


5.0 


Example 2 


8 . 5-10 . 0 


43 


•2.3 


3.5 


Example 3 


8.0-9.3 


60 


2 . 8 


5.0 


Example 4 


8.0-9.2 


58 


2 . 8 


3.7 


Example 5 


8.5-9.8 


55 


2 . 8 


5.2 


Example 6 


8.5-9.5 


45 


4.5 


3 . 5 
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Table 1 (continued) 



Examples 


Spindle-shaped goethite particles 


Major axial diameter 
(urn) 


Aspect ratio (major 
axial diameter /minor 
axial diameter ) 


Example 1 


0.30 


12 . 6 


Example 2 


0.25 


12 .3 


Example 3 


0.55 


14.1 


Example 4 


0 .47 


13 .4 


Example 5 


0.38 


12.5 


Example 6 


0.19. 


12.1 



